A total of 307 soil samples, collected from two groups of Japanese oceanic islands (Daito-shoto and Ogasawarashoto) were examined for the natural occurrence of Bacillus thuringiensis. B. thuringiensis was found in 15.3% of the soil samples, with 1.3% of the colonies belonging to the Bacillus cereus/B. thuringiensis group. Soils of the islands yielded at least 21 H serotypes. Insecticidal activities against Bombyx mori and/or Aedes aegypti were associated with 8.5% of the B. thuringiensis isolates. Among the insecticidal isolates, those belonging to the serotype H25 (serovar coreanensis) occurred predominantly.
INTRODUCTION
It has been well established that Bacillus thuringiensis is globally distributed in a wide range of natural environments (Damgaard, 2000) . Our survey in Japan has also provided ample evidence that the organism is a common member of microflora in natural environments of four main islands and their associated islands including the Ryukyus (Ohba and Aizawa, 1986; Ohba, 1996; Mizuki et al., 1999a; Ichimatsu et al., 2000; Ohba et al., 2000) . Geographically, these islands exist on the Asian shelf, being categorized as the continental islands. The objective of this study was to explore two Japanese oceanic islands, located in the Pacific Ocean and geographically independent of the Asiatic Continent, for the occurrence of B. thuringiensis.
MATERIALS AND METHODS

Soil samples and isolation of B. thuringiensis.
A total of 307 soil samples were examined: 260 were sampled in August, 1999 from Daito-shoto Islands, and 47 samples were collected in September, 2000 from the Ogasawara-shoto Islands (Fig.  1 , Table 1 ). The sampling sites had not been sprayed previously with B. thuringiensis-based microbial insecticides.
Isolation of B. thuringiensis from soil samples was done according to the method of Ohba and Aizawa (1978) . Among the Bacillus cereus group colonies isolated, the colonies that produced parasporal inclusions were assigned to B. thuringiensis. The frequency of B. thuringiensis among the B. cereus group is referred to as the B. thuringiensis index (Damgaard et al., 1997) .
Serological identification. Slide agglutination test (Ohba and Aizawa, 1978) was used in H serotyping of B. thuringiensis isolates. H antisera used were those against reference strains of B. thuringiensis H serotypes 1-55 (Lecadet et al., 1999) .
Insecticidal activity tests. Sporulated cultures of B. thuringiensis isolates were examined for larvicidal activities against the silkworm, Bombyx mori (Lepidoptera: Bombycidae) and the mosquito, Aedes aegypti (Diptera: Culicidae). A one-dose assay technique was involved in the toxicity tests as described previously (Ohba, 1996) . Table 1 , B. thuringiensis was recov-Appl. Entomol. Zool. 37 (3): 477-480 (2002) 477 Naturally occurring Bacillus thuringiensis in oceanic islands of Japan, Daito-shoto and Ogasawara-shoto Michio Ohba,* Akira Tsuchiyama, 1 Noriko Shisa, Kei Nakashima, Dong-Hyun Lee, Akira Ohgushi and Naoya Wasano ered from soils of both Daito-shoto (Kitadaito-jima and Minamidaito-jima) and Ogasawara-shoto (Haha-jima and Chichi-jima). Frequencies of B. thuringiensis-positive soil samples averaged 16% in Daito-shoto and 11% in Ogasawara-shoto. B. thuringiensis index values averaged 1.1 in Daitoshoto and 2.5 in Ogasawara-shoto. Table 2 shows the results of H serotyping. B. thuringiensis soil populations in Daito-shoto consisted of highly heterogeneous multiple H serogroups: 40 (58.8%) out of 68 isolates were allocated to 17 H serogroups, 13 were motile but untypable, and 15 were untestable. Among the 17 serogroups detected, only three serogroups (H17, H43, and H49) were commonly found in the two islands of Daito-shoto. The soils of Ogasawarashoto yielded five H serogroups.
RESULTS
As shown in
One-dose assay experiments revealed that, among 94 B. thuringiensis isolates, only eight from Daito-shoto were toxic to B. mori and/or A. aegypti. These insecticidal isolates fell into three H serogroups: six belonged to H25, one H11, and one H3abc. The six H25 isolates fell into three groups in terms of toxicity spectra: mono-toxic to B. mori (one isolate), mono-toxic to A. aegypti (two isolates), and toxic to both insect species (three isolates). The two isolates belonging to H11 and H3abc were mono-toxic to A. aegypti and dually toxic to B. mori and A. aegypti, respectively.
DISCUSSION
The present study provides evidence that B. thuringiensis is a common member of soil microflora in oceanic islands of the Japanese subtropics that are geologically independent of the other Japanese islands on the continental shelf. The B. thuringiensis indices obtained here averaged 1.6. This value is similar to that obtained in our previous study with natural soils from the Ryukyu Islands .
It is noteworthy that the B. thuringiensis H serotype flora of the four oceanic islands were highly heterogeneous, consisting of at least 22 H serogroups. This is comparable to the previous results that at least 22 H serotypes were recovered from six islands of the Ryukyus . Earlier researchers have demonstrated that most of the H serogroups, detected in the present study, are also distributed in other areas of Japan (Ohba, 1996; Mizuki et al., 1999a Mizuki et al., , 2001 Ichimatsu et al., 2000; Ohba et al., 2000) .
It is also of interest to note that the six isolates of H25 from Minamidaito-jima in the Daito-shoto 478 M. Ohba et al. Islands exhibited larvicidal activity against Lepidoptera and/or Diptera. Lee et al. (1994) reported that the H25 type strain (serovar coreanensis) was non-toxic to insects tested. More interestingly, several investigators have reported that the known Japanese isolates belonging to H25 showed no insecticidal activity (Saitoh et al., 1996 (Saitoh et al., , 1998 Higuchi et al., 2000; Ohba et al., 2000) , but killed certain human cancer cells in vitro (Mizuki et al., 1999b; E. Mizuki, unpublished observation) . 
